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GENERAL INTRODUCTION 
We studied the activity patterns of the South American 
guanaco (Lama guanicoe) from September 1991 to November 1994 
at Torres del Paine National Park, Chile (51° 3' S, 72° 55' W) 
The park is located at the foothills of the Andean mountain 
range on the western edge of southern Patagonia. 
This paper compares juvenile male and female guanaco 
activity patterns and habitat use; and relates activity to 
specific environmental conditions such as temperature and time 
of day. 
With the exception of a few related studies (Bosch & 
Svendsen, 1987; Svendsen & Bosch, 1993; Vila & Cassini, 1993; 
Garay et al., 1995), the activity patterns and social 
development of wild South American camelids is poorly 
understood. In the past, wild populations of the guanaco have 
declined severely due to ranching and hunting causing this 
species to become threatened throughout most of its range. It 
is essential that life history patterns of free-ranging 
populations be understood in order to promote effective 
management. 
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Thesis Organization 
This thesis consists of one paper intended for 
publication in the Journal of Studies on Neotropical Fauna and 
Environment (The Netherlands) . General conclusions are 
located on page 42 and a list of references cited in the 
General Introduction is provided below. 
Juvenile male and female guanaco activity patterns and 
habitat use were studied and compared to specific 
environmental conditions such as temperature and time of the 
day. Walter S. Prexl designed the study, conducted the field 
work, and is the principal author of the paper. Ron Sarno 
assisted with data collection and study design. Dr. William 
L. Franklin assisted in the studies completion by advising, 
obtaining funding, and editing this paper. 
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DIFFERENTIAL ACTIVITY OF MALE AND FEMALE JUVENILE GUANACOS IN 
SOUTHERN CHILE: 
PRECURSOR TO DIFFERENTIAL MORTALITY? 
A paper to be submitted to the Journal of Studies on 
Neotropical Fauna and Environment 
Walter S. Prexl, William L. Franklin and Ronald J. Sarno 
ABSTRACT 
We studied the activity patterns of the South American guanaco 
(Lama guanicoe) from September 1991 to November 1994 at Torres 
del Paine National Park, Chile. Data were recorded using 
focal sampling methods of marked individuals. Juveniles spent 
most of their time foraging with the exception of summer when 
they rested more. Juvenile guanacos spent more time moving 
during the morning and rested more often in the afternoon. 
Juvenile females were more alert during summer, while juvenile 
males moved more and had higher rates of social interaction 
during all four seasons. Males also wandered further from the 
group during summer and fall and utilized habitat containing 
higher vegetation cover during fall and winter. Juvenile 
males moved more than females during morning and midday, and 
expressed greater rates of interaction with other animals 
4 
during the entire day period. A positive relationship existed 
between average monthly temperature and levels of resting, 
vigilance and interaction. As temperature decreased, feeding 
behavior increased. Differences in activity and habitat use 
between the sexes are suggested as causal factors when 
differential mortality occurs. 
KEYWORDS: activity patterns, Chile, differential sex 
mortality, guanaco, Lama guanicoe. 
RESUMEN 
Estudiamos los patrones de actividad del guanaco Sudamericano 
(Lama guanicoe) a partir de septiembre 1993, hasta Noviembre 
de 1994 en el Parque Nacional Torres del Paine, Chile. Se 
recolectar6n datos usando metodos de observaci6n focales de 
animales marcados . Los guanacos juveniles pasaron la mayor1a 
del tiempo pastoreando con excepci6n del verano en donde 
tuvieron mas tendencia a descansar. Los animales mostraron la 
mayor tasa de movimiento durante la mafiana y tuvieron 
tendencia de descansar en la tarde. Las hembras juveniles 
expresar6n mayores niveles de vigilancia durante el verano, 
mientras que los machos mostraron mayores tasas de moviemiento 
y interactuaron con otros durante las cuatro estaci6nes. Los 
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machos tambien se apartaron mas del grupo social durante el 
verano y el otofior y utilizar6n hcibitat con vegetaci6n mas alta 
durante el otofio y el invierno. Los machos juveniles 
expresar6n mayores tasas de moviento en la mafiana y al 
mediodiar y tambien mostrar6n mayor numero de interacci6nes con 
otros animales durante todas las horas del dia. Encontramos 
una relaci6n positiva entre la temperatura promedia mensual y 
las tasas de descanso, vigilancia e interacci6n. A medida que 
la temperatura disminuy6, la tasa de pastoreo aumento. Se 
postula que las diferencias en patrones de actividad y el uso 
de hcibitat puedan ser factores que influyen las diferencias en 
mortalidad entre los sexos cuando estas ocurren. 
INTRODUCTION 
Juvenile social development and patterns of activity play 
an important role in survivorship and population dynamics of 
many ungulate species (Clutton-Brock et al., 1982). Attempts 
have been made to explain the evolutionary causes, 
consequences, and adaptive values of different behavioral 
patterns and how they affect the survival of each sex (e.g. 
Trivers, 1985). Factors influencing the degree of 
differential-sex mortality in mammals may be related to 
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different intensity levels of curiosity, alertness, feeding 
and play behaviors (Trivers, 1972; Clutton-Brock et al., 
1982). 
Activity patterns for many dimorphic wild ungulates have 
been documented (e.g. bovids: Jarman & Jarman, 1973; Walther, 
1973; Jingfors, 1982; Aldermann et al., 1989; Beekman & Prins, 
1989 and cervids: Moen, 1978; Eriksson et al., 1981; Renecker 
& Hudson, 1989). With the exception of few studies (Bosch & 
Svendsen, 1987; Svendsen & Bosch, 1993; Vila & Cassini, 1993; 
Garay et al., 1995), activity patterns and social development 
of monomorphic wild South American camelids are poorly 
documented. 
Differential sex mortality is common in polygynous 
dimorphic mammals (Robinette et al . , 1957; Grubb, 1974; 
Clutton-Brock et al., 1982; Daly and Wilson, 1983; Sherman and 
Morton, 1984; Clutton-Brock et al., 1985; Rajpuohit and 
Sommer, 1991) and is generally higher among males (Ralls et 
al., 1980; Clutton-Brock, 1991). Suggested causes of higher 
male mortality are varied. For example, the high incidence of 
male mortality in juvenile red deer (Cervus elaphus) might be 
a consequence of their greater susceptibility to food shortage 
due to faster growth rates and higher nutritional demands than 
females (Clutton-Brock et al., 1985). Taber and Dasmann's 
classic study (1954) demonstrated that accidents (e.g. 
drowning, snake bites, and fence entanglement) were one of the 
7 
major causes of mortality in male fawn black-tailed deer 
(Odocoileus hemionus). They also noted that juvenile males 
strayed further from their mothers than females, having a 
tendency to investigate new situations that rendered them more 
vulnerable to predation by lynx (Lynx lynx ) . Similar trends 
have been shown in caribou (Rangifer tarandus) (Bergerud, 
1971), reindeer (Rangifer tarandus) (Leader-Williams, 1980) 
and Thomson's gazelles (Gazella thomsoni ) (Fitzgibbon, 1990 ) , 
where higher degrees of activity and wandering from their 
mothers made juvenile males more vulnerable to predators. 
For the South American monomorphic guanaco (Lama 
guanicoe), whose adult body mass does not differ significantly 
between the sexes (Raedeke, 1979), the sex ratio at birth is 
roughly 50:50. Yet, the adult sex ratio (60:40) is 
significantly skewed toward females (Franklin and Johnson, 
1994). This suggests that survival rates between the sexes 
differ at some point in their development. Between 1987 and 
1989, Behl (1992) observed that juvenile male guanacos 
experienced lower mean annual survival rates than females 
during the first year of life, 64% for males and 71% for 
females. Because the Patagonia puma (Felis concolor 
patagonica) is responsible for the majority of guanaco 
mortality during the first 2 years of life (Franklin et al., 
8 
In Press), differences in behavior between the sexes may 
predispose one sex to higher rates of predation. 
Guanacos exhibit a "resource-defense polygyny" mating 
system where territorial males seasonally defend food 
resources essential to females (Franklin, 1983). At Torres 
del Paine National Park in southern Chile, guanacos segregate 
into five types of social units: territorial family groups, 
solo territorial males, non-breeding male groups, female 
groups, and mixed groups (both in age and sex) (Franklin, 
1983). Ortega and Franklin (1995) identified four 
socioecological periods that describe changes in guanaco 
social organization and population distribution: 1 ) summer 
territorial (mid-November to late March) when family groups 
remain together and "chulengos" (guanacos less than one year 
of age) are born, 2) fall transitional (April to mid-May) 
when there is an increase of female movement between 
territories and large mixed groups composed of animals from 
all ages begin to form, 3) winter aggregational (late May to 
September) when guanacos migrate to their winter range, and 4 ) 
spring transitional (mid-September to November) when dominant 
males begin to establish territories, and adult females and 
their offspring (from the previous birth season) join these 
territorial males to form family groups. From October to 
January, territorial males become increasingly aggressive 
toward all "yearlings" (offspring of the previous birth 
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season) and begin to expel both female and male juveniles from 
the family group. Yearling males join male groups while 
yearling females generally become integrated to other family 
groups or form short-lived female groups (Franklin, 1983). 
With the exception of Garay's et al. (1995) preliminary 
study, there have been no documented scientific studies on 
guanaco juvenile behavior. The objectives of this study were 
to: 1 ) describe activity patterns of free-ranging juvenile 
guanacos and quantify how behavior was influenced by season of 
the year, 2) assess whether there were differences in social 
behavior between juvenile males and females, 3) determine the 
importance of sexual differences in habitat selection and 
social behavior in juvenile guanaco survivorship, and 4) 
provide insights into the possible proximate causes of 
differential juvenile mortality. 
METHODS 
Study area 
This study was conducted from September 1991 to November 
1994 in Torres del Paine National Park, Chile (51° 3' S, 72° 
55' W). Located at the foothills of the Andean mountain range 
on the western edge of southern Patagonia, the park 
encompasses 2,500 km2 and is an International Biosphere 
reserve containing a variety of representative wildlife, flora 
and fauna. Research for this study was conducted within a 60 
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km2 "Peninsula'' where guanaco population density was highest 
(-30/km2 ) · The Peninsula is bordered to the north by Lake 
Norsdenkhold, and west by Lake Pehoe, to the south by Lake 
Sarmiento, and to the east by the park's boundary. Elevations 
range from 130 to 535 m above sea level. The vegetation is 
characterized as xeric pre-Andean shrub (Pisano, 1974). This 
association is dominated by Mulinum spinosum ("Mata Barrasa"), 
Juniellia tridens ("Mata Negra"), Festuca gracilliima 
("Coiron"), Senecio patagonicus ("Senecio"), Holcus lanatus 
("Pasto Miel"), Hordeum comosum ( "Cola de Zorro"), and 
Berberis buxifolia ("Calafate" ) (Pisano, 1974). 
Spring (September to mid-November) conditions are 
typically associated with cool, high-velocity westerly winds. 
Summer (mid-November to mid-February) is characterized by 
moderate winds with occasional showers, while cold, foggy 
conditions predominate in the fall (mid-February to April). 
In winter (May to August) , temperatures often fall below 
freezing, snow cover is common, and there is little wind. 
Precipitation averages around 550 mm annually, approximately 
60% falling from January-May (Pisano, 1974). Mean annual 
precipitation and temperature were: 805.7 mm and 6.9 °C for 
1991, 471.2 mm and 7.1 °C for 1992, 698.2 mm and 8.2 °C for 
1993, and 673.0 mm and 7.0 °C for 1994 (Direccion de Aguas, 
Ministerio de Obras Publicas, Punta Arenas, Chile). 
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Field methods 
From 1991 through 1993, 305 chulengos were hand captured 
and ear tagged, 259 (86%) of which were fitted with radio-
transmitters mounted on expandable collars (Keister et al., 
1988). The method of capturing juvenile guanacos involved: 
detection, approach and capture, processing (sexing, weighing 
and tagging), and reuniting the chulengo with its mother 
(Franklin and Johnson, 1994). 
Guanacos could easily be observed at close range (<15 
meters) due to their habituation to people (Franklin and 
Johnson, 1994). During all 3 years, data on activity were 
collected by observing ear tagged and/or radio collared 
chulengos for 1-hour focal sampling periods (see Altmann, 
1974) using binoculars (8 x 10) and/or spotting scopes. 
Opportunistic sampling was conducted daily between 0730 hrs 
and 1900 hrs, where individual researchers located and 
observed 4-12 different animals. Activity was classified as: 
nursing (suckling mother), resting (lying down, sleeping), 
moving (walking and running), feeding (grazing or browsing), 
alert (erect posture, attentive looking or listening), and 
interacting with other animals (play behavior, submission, 
expulsion) and other behaviors (urinating or defecating, 
grooming, dusting). A total of 3579 hours of focal 
observations were made in 1991 (1430 hrs), 1992 (1297 hrs), 
and 1993 (852 hrs). In addition to activity budgets, data 
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were also collected on animal tag number, group composition 
and size, time of the day and animal location. 
Low frequency activities 
For the 1993 cohort, continuous data were also collected 
on frequency and duration of play, alert, and wandering 
behavior (when animal was 5 meters beyond the edge of social 
group) during each hour of observation. Data on number of 
animals within 15 m of the focal animal, and estimated 
distance to the nearest adult were also collected at 2 minute 
intervals. For the 1993 cohort, data were also collected at 
15 minute intervals (4 times per hour) on cover height, slope 
and cover type 15 m from the chulengo at the 4-cardinal 
directions. Cover was classified as "Mata Barrosa", "Mata 
Negra", "Coiron", "Calafate", trees, boulders, "Vega" (open 
meadow), barren, water, grass, Senicio, and other. 
During 1993, preliminary data were also collected on 
nocturnal rates of activity of radio collared chulengos. 
Twelve animals with motion-sensitive radiotransmitters were 
monitored for 1-hour sampling periods between 1900 hrs to 070 0 
hrs for a total of 34 hrs of observation. Individual animals 
were monitored by recording them as "active" or "inactive". 
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Data analysis 
Sample size (n) was calculated based upon the number of 
marked animals observed during the study, not upon the number 
of observations for each animal. Means were calculated for 
all data collected during the 1-hour focal observation across 
animals. Due to unequal number of observations per animal, 
means analyzed were weighted according to observation 
frequency. This "weighted means approach" computes the mean 
for each animal by weighting the individual means according to 
the number of observations done on the given animal. 
Differences in behavior and social interaction for each 
cohort were evaluated by 2-way factor analysis of variance 
(ANOVA) . By means of residual analysis, angular (arcsine) 
transformations were judged to be appropriate for the analysis 
of proportions and were applied to activity budget data in 
order to better meet the assumptions of normality for the 
ANOVA (Sokal & Rolph, 1981) . This data were collected as 
percents and we acknowledge non-independence between different 
activities observed during the focal sampling period. 
In order to compare social interaction and behavior 
between the sexes for each socioecological period, data were 
also analyzed by using student t-tests and ANOVA. Data were 
analyzed using ANOVA to determine differences between cohorts 
and seasons. Due to low annual variation, data were pooled 
for all three cohorts. Time of the day was divided into three 
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main categories: morning (830 hrs - 1130 hrs), midday (1130 
hrs - 1430 hrs) and afternoon (1430 hrs - 1730 hrs). Data on 
mean slope were classified as either "above" or "below" 
average for each animal and were analyzed by utilizing Chi-
square goodness-of-fit tests. 
Standard correlations and linear/quadratic regression 
techniques were used to evaluate the relationships between: 
mean group size vs. juvenile activity, mean height of 
vegetation vs. juvenile activity, and time of day vs. juvenile 
activity. Significance for all analysis was met at a~ 0.05. 
All statistical analyses were conducted using SAS software 
(SAS Institute Inc., 1989). 
RESULTS 
Activity patterns 
For all three juvenile guanaco cohorts combined, activity 
patterns of nursing, resting, moving, feeding, alert, 
interaction and other, varied between seasons (Table 1). 
Juvenile guanacos spent most of their time grazing with the 
exception of summer, where they spent more time resting (Table 
1) . 
For all three cohorts combined, there was a meaningful 
difference in mean percent activity depending on the time of 
the day spent resting (F = 5.24, df = 2, 605, P = 0.005), 
moving (F = 9.76, df 
7.75, df = 2, 605, p 
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2, 605, P = 0.001), and alert (F = 
0. 0005) (Table 2) . As the day 
progressed, chulengos rested more and moved less (Table 2). 
In general, juveniles were more alert during the morning and 
afternoon hours as compared to midday (Table 2). No 
differences were found between time periods in mean percent 
nursing, feeding, and interacting with other animals. 
For all three cohorts combined, males moved more than 
females (T -2.47, df = 214, P = 0.014) and interacted more 
with other animals (T = -6.03, df = 175, P = 0.0001). Female 
juvenile guanacos demonstrated higher degrees of alert 
behavior during summer (F = 4.73, df = 1, 235, P = 0.0306) and 
winter (F = 3.06, df = 1, 152, P = 0.0823, *a~ 0.1) (Table 
1). Male juveniles exhibited higher rates of interaction 
behavior (playing, submissive behavior, interactions with 
adults and other juveniles) throughout the year (summer: F 
20.39, df = 1, 235, P = 0.0001; fall: F = 4.07, df = 1, 158, P 
= 0.0453; winter: F 9.35, df 1, 152, P = 0.0026; and 
spring: F = 31.86, df = 1, 81, P = 0.0001) (Table 1). 
There were no meaningful differences between the sexes in 
mean percent nursing throughout the day. Male chulengos moved 
at higher rates than females during the morning (F = 6.27, df 
= 1, 206, P = 0.013) and midday (F = 4.02, df = 1, 233, P = 
0.046) (Table 2). Males also interacted with other animals 
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at a higher rate than females during the morning (F = 5.09, df 
= 1, 206, P = 0.025), midday (F = 24.58, df = 1, 233, P 
0.0001) and afternoon (F = 6.9, df = 1, 166, P = 0.009) (Table 
2) . 
For all three cohorts combined, there was a difference 
between season in the mean distance (in meters) covered by 
juvenile guanacos between 1-3 days of being last observed (F 
4.98, df = 3, 355, P = 0.0021). During summer, males moved 
greater distances than females from one observation to the 
next (F = 6.52, df = 1, 134, P = 0.0118; Figure 1). 
Low frequency activities 
For the 1993 cohort, continuous data were collected on 
play, alert, and wandering behavior. Females displayed higher 
frequency of alert behavior during summer (F = 2.76, df 1, 
78, P = 0.100 *a~ 0.10), fall (F = 5.37, df = 1, 50, P 
0.0247) and winter (F = 3.25, df = 1, 37, P = 0.074 *a~ 0.10) 
(Table 3). Mean total number of actual seconds spent on alert 
behavior was higher for females during the fall (F = 6.92, df 
= 1, 50, P = 0. 011) (Table 3) . Juvenile males expressed 
higher frequencies of play behavior than females during summer 
(F = 4.19, df = 1, 78, P = 0.044) (Table 3). They also 
wandered away from their social group at a higher rate than 
females during both summer (F = 13.22, df = 1, 78, P = 0.0005) 
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and fall (F = 4.39, df = 1, 50, P = 0.0413) (Table 3). During 
summer, mean number of seconds spent on wandering behavior was 
higher for ma 1 es ( F = 21. 12 , d f = 1 , 7 8 , P = 0 . 0 0 0 1 ) ( Table 
3). 
For the 1993 cohort, mean average distance to the nearest 
adult was higher among juveniles males as compared to females 
during summer (F = 15.58, df = 1, 78, P = 0.0002) and fall (F 
= 6.37, df = 1, 51, P = 0.015 ) . The average number of animals 
within a 15 meter radius of the chulengo was greater for 
females during fall (F = 4.95, df = 1, 50, P = 0.0307) and 
winter (F = 4.93, df = 1, 37, P = 0.033). 
For the 1993 cohort, there were no annual or seasonal 
differences between the sexes in use of slopes (X2 = 0.036, df 
= 1, P = 0.849). Juvenile male guanacos were more frequently 
observed in habitat that contained greater cover during fall 
(F = 8.33, df = 1, 50, P = 0.006 ) and winter (F = 8.66 , df = 
1, 37, P = 0.006) (Figure 2 ) . 
During the fall, juvenile males tended to utilize habitat 
containing concentrations of Juniellia tridens ("Mata Negra" ) 
(F = 6.91, df = 1, 50, P = 0.011). This shrub is common in 
the park and its size ranges from 1 - 1.5 meters in height 
(one of the larger native shrubs present in the study area). 
Juvenile females were more commonly observed in "barren" 
habitat during fall (F = 5.11, df = 1, 50, P = 0.0282) and 
winter (F = 4.66, df = 1, 37, P = 0.0375). During the winter, 
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males more frequently utilized habitat containing trees (F 
3.98, df = 1, 37, p = 0.054). 
~ positive relationship was found between juvenile 
resting behavior and average monthly temperature (r2 = 0.83, n 
= 12, P = 0.0003); as temperature increased so did resting 
(Figure 3). As mean monthly tem~erature decreased, juvenile 
guanacos fed more often (r2 = 0.84, n = 12, P = 0.0004) 
(Figure 3). There was a positive relationship between 
chulengo alert behavior and temperature (r2 = 0.77, n = 12, P 
= 0. 001) (Figure 3) . Juvenile guanacos interacted with other 
animals more (play and submission) as mean monthly temperature 
increased (r2 = 0.72, n = 12, P = 0.003) (Figure 3). As 
average group size increased, levels of juvenile alert 
behavior decreased (r2 = 0.65, n = 12, P = 0.0015). As time 
of the day progressed, juvenile resting behavior increased (r2 
0.62, n = 9, P = 0.011) and movement decreased (r2 = 0.623, 
n = 9, P = 0. 011) . 
Preliminary work showed no meaningful differences in 
nocturnal activity between the sexes (active vs. inactive) (T 
= 0.988, df = 32, P = 0.330). For a total of 40 hours of 
observation, mean number of seconds per hour spent on active 
behavior for males was X = 290.3 (SE= 89.0) and X = 415.3 
(SE = 89.1) for females. 
DISCUSSION 
Activity patterns 
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As in other wild populations of South American camelids 
(Vila & Cassini, 1993; Bosch & Svendsen, 1987; Menard, 1982; 
Garrido et al., 1981; Franklin, 1983; Koford, 1957 ) , juvenile 
guanacos spent most of their time grazing and foraging. 
Various studies have reported similar results in other 
ungulates such as wildebeest (Connochaetes taurinus ) , African 
buffalo (Syncerus cafer) (Beekman and Prins, 1989 ) , horses 
(Equus caballus) (Duncan, 1985 ) , moose (Alces alces ) (Renecker 
and Hudson, 1989), isard (Rupicapra pyrenaica) (Pepin et al., 
1991) waterbuck (kobus defassa ) (Spinage, 1968) and bighorn 
sheep (Ovis canadensis) (Alderman et al., 1 989). Pfister et 
al. (1989) reported an increase in the frequency of foraging 
behavior in llamas (Lama glama ) and alpacas (Lama pacos) in 
the Peruvian puna due to declines in biomass and crude protein 
content of vegetation during winter available for consumption. 
Seasonal differences in foraging behavior in juvenile guanacos 
are more than likely related to vegetation conditions 
associated with seasonal variability. The inverse 
relationship between mean percent foraging behavior of 
chulengos and mean monthly temperature is likely due to higher 
energy demands (e. g. higher thermal regulation) by j uvenile 
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guanacos when mean daily temperatures are low and forage 
quality is poor. 
Juvenile guanacos were less alert during fall and winter 
when animal group size was largest. This implies that 
chulengos can afford to be less vigilant and spend more time 
displaying other behaviors (e.g. feeding) due to increased 
predator detection and avoidance that larger numbers of 
animals provide (Hamilton, 1 971). Since nutritional demands 
are less intense and weather conditions more favorable during 
spring and summer, juvenile guanacos are able to engage in 
other types of behavior such as play and resting. 
When comparing the sexes, juvenile males spent more time 
in active behaviors such as movement, play and interaction 
with other animals. Also the actual duration of some of these 
behaviors was greater for males. During the summer months, 
juvenile males spent significantly more time moving, covered 
significantly greater distances, interacted with other 
animals, displayed higher rates of play behavior, and wandered 
away from their social groups more than juvenile females. 
Since male chulengos experienced higher rates of movement and 
straying behavior than females during the summer, it was not 
surprising to also observe them at greater mean distances from 
the nearest adult, with fewer animals within a 15 m radius. 
Such behavior potentially further enhanced the risk of 
predation (Hamilton, 1971) . 
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Behavioral differences between the sexes are often the 
result of different metabolic activity (Glucksmann, 1974 ) . 
Testosterone is associated with higher levels of aggression, 
dominance and activity (Glucksmann, 1974). Postnatal 
mortality of juvenile male white-tailed deer (Odocoileus 
virginianus) has been attributed to higher metabolic rates, 
resulting in males growing faster, being more active and 
curious (Brody, 1945). Due to greater rates of growth and 
higher nutritional requirements, juvenile males tend to be 
more susceptible to food shortages (Clutton-Brock et al., 
1985). 
Daily activity patterns in alert, movement, and resting 
behavior varied according to the time of the day. As the day 
progressed, juveniles rested more and moved less. Alert 
behavior was highest in the morning and afternoon. At night, 
guanacos were observed "bedding down" on hillsides with low 
cover. During the morning, the animals were typically 
observed walking toward areas with higher forage quality 
(vegas). This daily movement between "bedding" and foraging 
areas posed potential risks from puma predation, possibly 
explaining why animals displayed higher degrees of alert 
behavior during these times. Males showed higher degrees of 
movement during morning and midday, and higher interaction 
rates during all three time periods. 
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Juvenile guanacos were active less than 1% per hour 
during the night, where males were active 0.8% of the time 
compared to 1.2% for females. However, these data should be 
treated with caution due to low sample size (n = 40 hrs), and 
focal observations were spread throughout the entire year. 
In polygynous species, male reproductive success is 
limited by the number of successful matings, whereas female 
reproductive success depends on the ability to rear offspring 
(Geist, 1971; Trivers, 1972). Differences in activity 
patterns between juvenile males and females may be a related 
to eventual divergent reproductive strategies. Juvenile males 
tend to spend more time engaging in play, wandering, and 
movement behavior enhancing motor training and social 
relations (all potentially related to skills needed for future 
territory acquisition and defense), while females spend more 
time on other activities such as feeding and vigilance. 
Juvenile mortality 
As in other ungulates (Whitten et al., 1992; Fairbanks, 
1993; Adams et al., 1995), guanacos experience high rates of 
mortality during the first year of life. For the 1991, 1992 
and 1993 cohorts combined, 61% of total juveniles died in the 
first 12 months (74% due to puma predation, 17% of unknown 
causes, 3% from starvation, 2% due to sickness, 1% from fatal 
injuries, 1% from drowning, 1% due to car accidents, and 1% 
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due to fence entrapment) (Franklin et al., Submitted). Pumas 
rely on stealth and ambush in order to hunt (Hornocker, 1970). 
Since puma predation accounts for most of the guanaco 
mortality in the study area, animals that place themselves in 
vulnerable situations (e.g. placing themselves in habitat with 
higher predator cover, being less alert, etc.) have a greater 
chance of being preyed upon. In order to shorten predator-
prey distances, pumas utilize cover to place themselves closer 
to their prey. Wilson (1985) observed that the effective 
striking distance of the puma in the study area was close to 
10 meters. Seventy five percent of successful puma kills 
involving guanacos occurred in habitat containing high cover 
(Franklin et al., In Press). 
Prior research conducted at Torres del Paine National 
Park between 1987 and 1989, documented differences between the 
sexes in mean annual juvenile survival rates. Males (0.641 ± 
0.083) consistently experienced lower mean percent survival 
rates than females (0.705 ± 0.064) (P = 0.086, n = 242) (Behl, 
19 92) . 
Although differences in guanaco juvenile activity and 
habitat use were clearly apparent, there was no strong 
evidence demonstrating juvenile differential sex mortality 
during the course of this study. For the 1991, 1992 and 1993 
cohorts, juvenile males experienced higher mortality rates 
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than females but no significant differences were found (P = 
0.321) (Franklin et al., Submitted). One explanation for the 
lack of differences in mortality between the sexes as compared 
to the late 1980's (see Behl, 1992) may be the occurrence of 
some of the most severe winters in the park (Franklin et al., 
Submitted). Between 1987 and 1996, there has been a 
significant increase in juvenile guanaco mean percent 
mortality rates (Figure 4). When comparing our study to the 
work done in the late 1980's, percent rates of mortality have 
nearly doubled. Differential sex mortality may be more prone 
to occur during periods of low to moderate predation pressure 
(late 1980's when mean percent mortality was 36%), as compared 
to periods of high predation pressure (our study, where 
average mortality was 61%). 
Habitat and survival 
Many ungulate studies have shown that differences in 
juvenile behavior and habitat use give rise to differential 
sex mortality (Robinette et al., 1957; Grub, 1974; Clutton-
Brock et al., 1982; Daly and Wilson, 1983; Sherman and Morton, 
1984; Clutton-Brock et al., 1985; Rajpuohit and Sommer, 1991). 
There is strong evidence that puma density has increased in 
Torres del Paine over the past two decades. Sightings of 
pumas have dramatically increased since the park was 
established in 1975 and presently is estimated to be close to 
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3.3 pumas/km2 (Franklin et al. In Press). High puma density 
and predation may be skewing the importance of behavioral and 
habitat use differences the sexes as major contributing 
factors to differential mortality. Differences in behavior 
and habitat use were in fact observed; the possibility of 
these factors potentially playing an important role in 
juvenile survival cannot be dismissed. Under different 
circumstances, male guanacos may indeed be more vulnerable to 
predation simply because they utilize habitat that offers 
better predator cover. With higher degrees of activity, males 
may be more curious and prone to stray farther away from their 
social groups causing them to experience higher rates of 
mortality. During extreme adverse conditions, nutritionally 
weakened animals may be more susceptible to predation both 
physically and behaviorally. 
Group living provides benefits such as greater ability to 
detect predators, and facilitates evasive action as a result 
of early warnings (Powell, 1974; Siegfried and Underhill, 
1975; Lazarus, 1979; Pulliam and Caraco, 1984; Pitcher, 1986). 
Classic optimal foraging models involving hunting success upon 
large groups of animals predict that predators will maximize 
their rate of energy intake by selecting the most profitable 
food item available. Influencing factors are nutritional 
quality of prey and probability of capture success. Several 
ungulate studies have shown that predators preferentially 
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select individuals that are positioned on the periphery of 
social groups tending to be further away from their nearest 
neighbors (Robinette et al., 1957; Estes and Goddard, 1967; 
Hornocker, 1970; Kruuk, 1972; Schaller, 1972 ) . Fitzgibbon 
(1990) observed that female Thomson's gazelles (Gazella 
thomsoni) showed higher degrees of vigilance than males, 
enabling them to decrease their vulnerability to predation. 
Predators attacked animals on the periphery of the group 87% 
of the time. Also, predators hunted a greater proportion of 
gazelles found in habitat with higher vegetation. Another 
study on the same species found that juvenile males were more 
vulnerable to predation because they tended to utilize habitat 
with higher vegetation cover and wandered awa y further from 
the social group (Bradley, 1977). Although no direct 
observations were made, pumas in Torres del Paine National 
park may have selected guanacos that were on the periphery of 
groups in order to improve the chances of making a successful 
kill. Male chulengos were more frequently observed using 
habitat with greater predator cover than females during the 
fall and winter. Females significantly used more open and 
barren habitat during the fall and winter months . Although 
hunting strategies may differ between predators from the 
African savanna and the Andean steppe, vegetation cover is 
clearly an important factor influencing the rate of predation. 
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In summary, activity patterns of juvenile guanacos at 
Torres del Paine National Park varied seasonall y and daily . 
Not only did males show higher rates of active behaviors, but 
they also utilized high risk habitat possibly predisposing 
them to higher rates of mortality. There was no evidence of 
differential mortality between the sexes. This may be 
attributed to high rates of predation and severe winters that 
occurred during the course of the study. Predation pressures 
may change due to short term factors such as high predator 
density and extreme climatic conditions and possibly curtail 
differential sex mortality in guanacos. The relationships 
between temperature and different types of activity reflect 
the energy costs and nutritional demands that these large 
mammals seasonally face in the wild. Differences in behavior 
may ultimately be related to different reproductive strategies 
between the sexes and may be the result of long term 
evolutionary mechanisms. 
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Table 1. Mean percent (±SE) activity of juvenile guanacos from 1991 to 1994, at 
Torres del Paine National Park, Chile. (* denotes P < 0.05 significant difference 
between sex) (n=male/female) 
Activity 
Nursing 
Male 
Female 
Re sing 
Male 
Female 
Summer 
(n=ll0/127) 
Fall 
(n=75/85) 
2.8 ± 0.1 1. 8 ± 
2 . 8 ± 0.4 1. 7 ± 
2.8 ± 0 . 3 1. 9 ± 
41. 5 ± 2.0 12 . 6 ± 
41. 7 ± 3.2 13. 3 ± 
41 . 2 ± 2.6 11. 9 ± 
0.2 
0.3 
0.3 
1. 7 
2.6 
2. 4 
Winter 
(n=70/84) 
1. 2 ± 
1. 5 ± 
1. 0 ± 
1. 8 ± 
2 . 5 ± 
1. 5 ± 
0.4 
0.9 
0.4 
0.6 
1.1 
0.7 
Spring 
(n=38/45) 
0.6 
0 . 7 
0.6 
16.7 
15.0 
17.7 
± 
± 
± 
± 
± 
± 
ANO VA 
(difference by season) 
0.3 (F=llO . 87 df=3 , 626, 
0.4 
0.4 
2.8 ( F=572. 38 df=3 ,62 6, 
4. 2 
3.4 
P<0.05) 
P<0 . 05) 
Moving 10.8 ± 0 . 8 8 . 9 ± 1. 0 9 . 2 ± 0.9 9.4 ± 1. 2 (F=3. 92 df=3, 626 , P<0.05) 
Male 11.1 ± 1. 3 9.6 ± 1. 7 9.9 ± 1. 6 9.2 ± 1. 3 
Female 10 . 6 ± 1. 0 8.3 ± 1.1 8 . 7 ± 1. 0 9.5 ± 2 . 0 
Feeding 28.3 ± 1. 7 67.9 ± 1. 9 82 . 6 ± 1. 2 63 .6 ± 3 . 0 (F=864.12 df=3 , 626, P<0 . 05) 
Male 27.9 ± 2 .4 66 . 6 ± 2.9 81. 5 ± 2 . 1 64.9 ± 4.7 
Female 28.6 ± 2 . 3 69.2 ± 2.3 83.5 ± 1. 4 62.9 ± 3.8 
Alert 12.0 ± 0 . 8 6.8 ± 0.6 4.1 ± 0 . 5 7.7 ± 1. 0 (F=llO. 87 df=3, 626, P<0.05) 
Male 10 . 9 ± 1.1* 6.7 ± 0 . 8 3.7 ± 0. 7* 7.6 ± 1. 4 
Female 12.9 ± 1. 2* 6 .9 ± 0.8 4.4 ± 0.6* 7.8 ± 1. 4 
Interact 3 . 0 ± 0.5 0.6 ± 0.2 0.1 ± 0.1 0.8 ± 0.4 (F=llO. 87 df=3 , 626, P<0.05) 
Male 4 . 1 ± 0.8* 0.8 ± 0.3* 0.2 ± 0.1* 1. 4 ± 0.7* 
Female 2.2 ± 0.5* 0.4 ± 0.2* 0.1 ± 0 .1 * 0.4 ± 0.2* 
Other 1. 6 ± 0.2 1. 3 ± 0.2 0.9 ± 0 . 1 1. 2 ± 0.3 ( F=llO. 87 df=3, 626, P<0.05) 
Male 1. 7 ± 0.3 1. 3 ± 0.3 1. 0 ± 0 . 2 1. 2 ± 0.5 
Female 1. 5 ± 0.2 1. 4 ± 0.2 0.9 ± 0.2 1 . 2 ± 0.4 
w 
(.Jl 
Table 2. Mean percent (± SE) activity by time of day of juvenile guanacos for the 
1991, 1992 and 1993 cohorts combined, at Torres del Paine National Park, Chile. ( * 
denotes p < 0.05 significant difference between sex) (n=male/female) (morning: 8:30-
11:30, midday: 11:30-14:30, afternoon: 14:30-17:30) 
Activity Morning Midday Afternoon AN OVA 
(n=98/110) (n=l07 /128) (n=74/94) (difference by time period) 
Nursing 2.1 ± 0.2 1. 9 ± 0.1 1. 9 ± 0. 2 N/S 
Male 2.2 ± 0.2 2.0 ± 0.2 1. 7 ± 0.3 
Female 2.1 ± 0.2 1. 9 ± 0.1 2.2 ± 0 . 4 
Resting 21. 7 ± 1. 4 24 . 9 ± 1. 2 28 .1 ± 1.9 {P=0.006) 
Male 22.0 ± 2.0 24.3 ± 1. 7 30.4 ± 3.2 
Female 21. 4 ± 1. 9 25.5 ± 1. 6 26. 4 ± 2 . 2 
Moving 12.2 ± 0.6 9.5 ± 0.3 8 . 9 ± 0.6 (P=0 . 001) 
Male 13 . 7 ± 1. 0* 10 .1 ± 0.6* 9.0 ± 1. 1 w 
Female 11. 0 ± 0.8* 9.0 ± 0.4* 8.9 ± 0.6 O'\ 
Feeding 50.1 ± 1. 6 52.5 ± 1. 3 48. 1 ± 1. 9 N/ S 
Male 47. 9 ± 2.4 51. 8 ± 1. 9 46.1 ± 3.1 
Fema l e 52.1 ± 2 .2 53.1 ± 1. 9 4 9. 7 ± 2 .6 
Alert 10.7 ± 0 . 5 8.1 ± 0.3 9.8 ± 0.5 (P=0.005) 
Male 10.5 ± 0.8 8.1 ± 0.5 8.9 ± 0.8 
Female 10.8 ± 0.7 8.5 ± 0.4 10.5 ± 0.7 
Interact 1. 6 ± 0.2 1. 6 ± 0.1 1. 8 ± 0.3 N/S 
Male 2.0 ± 0.3* 2.4 ± 0.3* 2 .7 ± 0.6* 
Female 1.1 ± 0 . 2* 0.9 ± 0.1* 1. 0 ± 0.3* 
Other 1. 6 ± 0.1 1. 3 ± 0.1 1. 3 ± 0.2 N/ S 
Male 1. 7 ± 0.2 1. 5 ± 0.1 1.3 ± 0.3 
Female 1. 5 ± 0.2 1.1 ± 0.1 1.4 ± 0 .2 
Table 3. Frequency and duration (± SE) . of behavior of male and female juvenile 
guanacos for the 1991, 1992 and 1993 cohorts combined at Torres del Paine National 
Park, Chile. ( * denotes significant difference between sexes) ( n=male/female) 
Activity Sununer Fall Winter Spring 
(n=38/42) (n=23/ 28) (n=19/20) (n=6/5) 
Alert freq. Male 14.3 ± 2.6 6.7 ± 1. 5 6.1 ± 1. 3 5.1 ± 2.7 
(per hour) Female 16.9 ± 2.5* 8.9 ± 1.1 * 9.2 ± 3.6* 7.4 ± 2.1 
Alert time Male 85.0 ± 21. 9 51. 6 ± 11. 0 47.1 ± 15.6 4 7. 6 ± 17.8 
(seconds) Female 112.8 ± 48.5 83.9 ± 19. 4 * 54.2 ± 11. 3 97.0 ± 62.3 
Play freq. Male 2.7 ± 1. 9* 0.3 ± 0.1 0.01 ± 0.03 0 . 2 ± 0.2 
(per hour) Female 1. 0 ± 0.3 0.2 ± 0.2 0.01 ± 0.03 0.5 ± 0.8 
Wander freq. Male 0.5 ± 0.2* 1. 3 ± 0.6* 0.8 ± 0.5 0. 2 ± 0.4 
(per hour) Female 0.2 ± 0.1 0.5 ± 0.4 0.6 ± 0.4 0.0 ± 0.0 
Wander time Male 18.3 ± 6.9* 11. 7 ± 5.7 0.0 ± 0.0 No Data 
(seconds) Female 4.1 ± 2.7 7.0 ± 6.4 0.0 ± 0.0 
w 
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Figure 1. Mean distance (m) moved (SE bars) between 
observations (1-3 days) for each season at Torres del 
Paine National Park, Chile, for the 1991, 1992 and 1993 
cohorts. 
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Figure 2. Mean cover height (SE bars ) by season 
utilized by male and female juvenile guanacos at 
Torres del Paine National Park, Chile, for the 1993 
cohort. 
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Figure 3. The relationship between mean percent juvenile guanaco behavior 
and temperature at Torres del Paine National Park, Chile, for the 1991, 1992 
and 1993 cohorts. 
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Figure 4. Mean % mortality rates of juvenile 
guanacos at Torress del Paine National Park, 
Chile (data for 1990 not available) . 
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GENERAL CONCLUSIONS 
Activity patterns of juvenile guanacos at Torres del 
Paine National Park varied seasonally and daily. Not only did 
males show higher rates of active behaviors but they also 
utilized high risk habitat possibly predisposing them to 
higher rates of mortality. During this study there was no 
evidence of differential mortality between the sexes. This 
may be attributed to high predation and severe winters that 
occurred during the course of the study. Predation pressures 
may change due to short term factors such as predator density 
and extreme climatic conditions, but differences in activity 
between the sexes may be the result of long term evolutionary 
mechanisms. The relationships between temperature and 
different types of activity reflect the energy costs and 
nutritional demands that mammals seasonally face in the wild. 
Differences in behavior may ultimately explain different 
reproductive strategies between the sexes. 
